INTRODUCTION 3 5
Biological invasions are occurring at an accelerating pace due to the 3 6 globalisation of anthropogenic activity (Ricciardi, 2007) . Individuals colonizing new 3 7 ranges likely face environments different from those previously experienced (Sax & 3 8 Brown, 2000; Allendorf & Lundquist, 2003; Chown et al., 2014) . Nonetheless, alien 3 9 populations often display enhanced performance compared to their native 4 0 counterparts (Blossey & Notzold, 1995; Thébaud & Simberloff, 2001; Parker et al., 4 1 2013) , and this can be facilitated by rapid adaptation (Chown et al., 2014; Colautti & 4 2 Lau, 2015; Dlugosch et al., 2015) . The evolution of increased competitive ability 4 3 (EICA) hypothesis posits that invasives' trait divergence results from release from 4 4 natural enemies, allowing the allocation of defence resources to growth and 4 5
reproduction (Blossey & Notzold, 1995) . However, limited empirical support exists 4 6
for the predicted evolutionary decrease in invasive plants' herbivory defence in 4 0 differences in defence-related trait investment, we tested responses of phenolic 2 7 1 richness, phenolic concentrations or trichome density to shoot biomass or SLA. Each 2 7 2 model included a defence-related trait as response, with shoot biomass or SLA, range 2 7 3 and their interaction as predictors. We used individual trait values and included 2 7 4 individual STRUCTURE q-values and sampling location as random factors. We 2 7 5 explored significant range x defence interactions using a Holm p-value correction in 2 7 6 the phia package (De Rosario-Martinez, 2013) . In these models, a negative 2 7 7 association between defence-related traits and shoot biomass would suggest a trade-2 7 8 off, while a positive one might indicate differences in resource acquisition. Range 2 7 9 differences at similar values of shoot biomass or SLA would indicate defence-related 2 8 0 trait divergence independent of genotypic differences in individual resource budgets. To explore if constitutive and inducible defence trade off, we first calculated 2 8 2 the induced level of total phenolics for each maternal line as the difference between 2 8 3 damage and control treatments of the two half-sibs. This estimate of induction is 2 8 4 thought to reduce correlations with control treatment estimates and thus the collinear 2 8 5 associations (e.g. due to genotypic biases) will not mask the trade-off associations 2 8 6 (Morris et al., 2006) . We included population of origin and individual q-values as 2 8 7 random factor in these models. A significant negative association between induced 2 8 8 and constitutive levels of phenolic concentration and richness would indicate the 2 8 9 presence of a trade-off. All statistical analyses were conducted in R v3.4.3 (R Core 2 9 0 Team, 2017). 2 9 1 2 9 2
RESULTS

9 3
Constitutive defence trait divergence between ranges 2 9 4
We found significant range divergence in constitutive phenolic composition ( Table  2  9  5 1a), resulting from differences between the introduced Europe and the native North 2 9 6
America (F 8,66 =3.280, p=0.010, Wilks' λ=0.716; Table 1b ). Phenolic peak richness 2 9 7 differed among ranges (Table 1a) : it was highest in the introduced European range 2 9 8 (adjusted mean of 43 peaks) followed by the native North American (40 peaks) and 2 9 9
introduced Australian ranges (33 peaks). Total phenolic concentration was similar 3 0 0 between the native and European populations, but 28% lower in Australia (Table 1b , 3 0 1 Fig. 1 ). Trichome density showed no differences between ranges (Table 1a , Fig. 1 ). 3 0 2
The composition of individual phenolic compounds and peak richness depended on 3 0 3 latitude, though no such effect was found for the total phenolic concentration or 3 0 4 trichome density (Table 1a , Fig. 2 ). We did not observe range x latitude interactions 3 0 5 for any of the defence-related traits (Table 1a ), suggesting latitudinal clines, when 3 0 6 present, did not differ between ranges. 3 0 7 3 0 8 Inducible defence trait divergence between ranges 3 2 9
We found a significant treatment effect on individual phenolic compound 3 3 0 composition in the induction experiment (F 5,59 =12.014, p<0.001, Wilks' λ=0.496; 3 3 1 Table 2 ). Phenolic peak richness did not show a response to experimental treatment 3 3 2 (Table 2, Fig. 3 ). However, the total phenolic concentration was slightly supressed in 3 3 3 the herbivory simulating treatment (Table 2, Fig. 3 ). We identified no treatment x 3 3 4 range x latitude interactions (Table 2, Fig. 3 ), suggesting there is no range difference 3 3 5 in inducibility clines. Also, the absence of treatment x latitude interactions ( differ between ranges. We did not find range differences in the variation of inducible Associations between defence, biomass and specific leaf area (SLA) 3 5 0
Within each range, phenolic richness and total concentration was positively 3 5 1 correlated with shoot biomass (Table 3 , Fig. 4a-b ), whereas we found a negative 3 5 2 association between trichome density and shoot biomass (Table 3 , Fig. 4c ). We found 3 5 3 high-SLA leaves had lower phenolic peak richness ( Fig. 4d ) and concentration ( Fig.  3  5  4 4e), yet higher trichome density (Table 3 , Fig. 4f ). No interactions were significant 3 5 5 between range and predictor variables (shoot biomass or SLA), suggesting these 3 5 6
associations among traits were consistent between ranges ( At comparable shoot biomass or SLA, phenolic peak richness was no longer 3 7 5 significantly different between North America and Europe ( American individuals of comparable weight (Table 3, Fig. 4b ), whereas no difference 3 7 9 existed in latitude models (Table 1, Fig. 1 ). Australian plants exhibited lower phenolic 3 8 0 peak richness and concentration compared to native or European plants of comparable 3 8 1 weight or SLA. Yet, at the same plant weight, Australian plants had higher trichome 3 8 2 densities than in the other ranges (Table 3 , Fig. 4c ). These patterns match previous 3 8 3 analyses including latitude (Table 1, Fig. 1 ). Induced levels of phenolic richness and total concentration were negatively 3 9 2 associated with constitutive levels (richness: F 1,123.81 =78.126, p<0.001; concentration: 3 9 3 F 1,141.88 =76.286, p<0.001; Fig. 5 ). We found no range differences in either trait 3 9 4 (richness: F 2,31.518 =1.719, p=0.196; concentration: F 2,31.07 =0.265, p=0.769; Fig. 5 ), nor 3 9 5 did we identify interactions between range and the phenolic concentration North America Europe Australia
Constitutive (C) phenolic concentration (10 5 mAU g -1 )
(F 2,141.11 =0.866, p=0.423). Range x phenolic peak richness (F 2,129.82 =3.045, p=0.051) 3 9 7 was marginally significant. These results suggest that constitutive and inducible 3 9 8 defence trade off, although there is no difference between ranges. while controlling for genetic structure, levels were similar or slightly higher in the 4 0 6
introduced Europe compared to native populations at comparable latitudes and energy 4 0 7
budgets. In addition, trichome density did not differ among ranges. In line with individual energy budgets. Therefore, the apparent absence of the predicted repeated 4 1 5 selection against high defence investment following introduction is unlikely to be 4 1 6 entirely masked by these factors. We examine these processes in detail and suggest 4 1 7 alternative mechanisms driving defence-trait divergence within and among native and 4 1 8 introduced ranges. & de Jong, 1986; Agrawal, 2011; Züst & Agrawal, 2017) and historical contingency 4 2 5 (Lee, 2002; Facon et al., 2006; Prentis et al., 2008; Rius & Darling, 2014; Estoup et 4 2 6 al., 2016) can obscure trade-offs predicted under EICA. Accordingly, in addition to 4 2 7 latitudinal clines in phenolic compound composition and peak richness (Fig. 2) , we 4 2 8 show trichome density, phenolic peak richness and concentration were strongly 4 2 9 associated with plant biomass and specific leaf area (SLA) (Fig. 4) . Contrary to EICA 4 3 0 predictions, phenolic richness was significantly higher in Europe than North America 4 3 1 at equivalent latitudes, but this likely reflects the larger size and lower SLA of 4 3 2
European plants at similar latitudes (van Boheemen et al., 2018) . Similarly, phenolic 4 3 3 peak concentration was significantly higher in Europe compared to native North 4 3 4
America at comparable shoot biomass, although this difference disappeared when 4 3 5 controlling for latitude or SLA. However, lower phenolic peak richness and 4 3 6 concentration in Australia was still present at similar latitude, biomass or SLA 4 3 7 compared to North America. Invasion history is unlikely a major factor in this 4 3 8 observed defence-related trait divergence as we accounted for population genetic 4 3 9 structure in our analysis. 4 4 0
An adaptive reduction of constitutive defence traits following introduction to 4 4 1 Europe and Australia was predicted due to a general release from natural enemies. EICA hypothesis are specialist herbivores, as herbivory by specialists, but not 4 4 7 necessarily generalists, is hypothesized to consistently decline during invasion 4 4 8 (Muller-Scharer et al., 2004; Joshi & Vrieling, 2005; Felker Quinn et al., 2013) . 4 4 9
Indeed, introduced Japanese A. artemisiifolia populations re-exposed to specialist leaf 4 5 0
beetle Ophraella communa for >10 years were more resistant than herbivore-free expectations, but consistent with our findings for Europe, the French plants showed 4 6 6 no evolutionary loss of defence (Genton et al., 2005) . Therefore, although reductions 4 6 7 in both specialists and generalist herbivores have been documented in both introduced 4 6 8 ranges, we did not find parallel changes in defence-related traits as predicted by 4 6 9
EICA, suggesting such predictions are perhaps too simplistic. Nevertheless, a more 4 7 0 detailed survey of herbivory, resistance and the mechanisms of resistance across all 4 7 1 three ranges is warranted, particularly given the contrasting patterns of divergence in 4 7 2 phenolics identified among the two introduced ranges. 4 7 3
We found no support for the EICA-predicted resource allocation trade-off 4 7 4 between defence and growth in Europe. However, even when these traits have 4 7 5 evolved in the EICA predicted direction, negative genetic correlations have yet to be 4 7 6
detected (Franks et al., 2008; Schrieber et al., 2017; Hodgins et al., 2018) . The rapid and repeated latitudinal divergence in phenolic compound 4 8 8 composition and richness populations suggests direct or indirect selection of latitude-4 8 9 associated factors. Corresponding to our findings, typical reported patterns include 4 9 0 high growth and low defence at more productive high-resource (Coley et al., 1985; 4 9 1 Zandt, 2007; Endara & Coley, 2011 ), low-latitude (Woods et al., 2012 Moreira et al., 4 9 2 2014; Hahn & Maron, 2016 ) environments (Blumenthal, 2006 . Native clines in 4 9 3 herbivore load could result in such observations, though the predicted herbivore 4 9 4 absence following introduction should lead to non-parallel defence clines among 4 9 5 native and introduced ranges (Cronin et al., 2015; Allen et al., 2017) . However, in our 4 9 6 data, latitudinal clines in defence-related traits (phenolic compound composition and 4 9 7 peak richness) were parallel, suggesting consistent patterns of selection with latitude 4 9 8 in all three ranges. The absence of the predicted patterns could result from parallel 4 9 9 clines in herbivore loads in each range or the presence of alternative evolutionary 5 0 0 forces driving latitudinal trait divergence in the multiple ranges. Clinal variation in 5 0 1 herbivory is not as common as previously thought (Moles et al., 2011a) and 5 0 2 geographic information on A. artemisiifolia herbivore pressure is needed. , 2015) . Accordingly, climatic differences between the 5 0 9 ranges not captured by latitude could contribute to patterns of divergence in 5 1 0
Australian defence-related traits. For instance, trichomes protect plants from UV 5 1 1 (Bassman, 2004; Hauser, 2014) and selection for this alternate function in high-UV 5 1 2 Australia (WHO, 1998) could potentially explain the higher density of trichomes in 5 1 3 this range when controlling for plant size. Herbivore exclusion experiments at various 5 1 4 latitudes and environments would be required to disentangle how resource 5 1 5 availability, herbivory and other climatic factors might interact during invasion and 5 1 6 impact the evolution of growth and defence traits. Constitutive versus induced range divergence 5 1 9
We observed a negative association between constitutive and inducible 5 2 0 defence-related traits suggesting a trade-off (Koricheva et al., 2004 ; Agrawal et al., 5 2 1 2010). A decrease in the level and predictability of attack in the introduced range is 5 2 2 expected to cause a reduction in constitutive defence and the maintenance or increase 5 2 3 in inducible defence (Cipollini et al., 2005; Orians & Ward, 2010; Lande, 2015) . In 5 2 4 agreement with this prediction constitutive phenolic levels were reduced in Australia, 5 2 5 while inducible response did not differ among ranges. Such maintenance of mean 5 2 6 inducibility could result from insufficient herbivore pressure, where a selection-drift 5 2 7 imbalance could increase inducible variability (Eigenbrode et al., 2008) . Although 5 2 8 analysis of neutral markers suggests genetic drift has been particularly strong in Remarkably, we found evidence of a suppression of phenolics in response to 5 3 8 herbivore simulation for some populations, especially those with high constitutive 5 3 9 levels, in contrast to some previous studies (Lee et al., 1997; Constabel & Ryan, 1998 ; 
